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Assessment  of  an  Optically  Stimulated  Infrared  Emission  from  Image 

Intensifier  Tube  Photocathodes 

Jesse  G.  Wales  and  Peter  L.  Marasco 

Air  Force  Research  Laboratory,  Battlespace  Visualization  Branch,  AFRL/HECV 
2255  H  Street,  Wright-Patterson  AFB,  OH  45433-7022 


ABSTRACT 

Anecdotal  evidence  suggested  that  bright,  night-vision  imaging  system  (NVIS)  compatible,  green  cockpit  displays  could 
cause  a  veiling  luminance  in  night-vision  goggles  (NVGs)  and  degrade  visual  performance.  The  mechanism  suspected 
of  causing  this  veiling  luminance  was  an  infrared  emission  from  the  image  intensifier  tube  photocathode  stimulated  by 
visible,  NVIS  compatible  light.  This  paper  describes  an  effort  to  measure  this  stimulated  infrared  emission  from  three 
different  image  intensifier  tubes.  Measurements  of  the  emission  were  analyzed  with  respect  to  tube  age,  the  wavelength 
of  incident  illumination,  and  illumination  angle  of  incidence.  The  emission  was  found  during  certain  combinations  of 
light  wavelengths,  angles,  and  intensities.  However,  results  suggest  that  this  phenomenon  is  not  sufficiently  strong  to 
cause  observable  veiling  luminance  in  NVGs. 

Keywords:  Night  vision,  goggles,  NVG,  photocathode,  near  infrared,  NIR,  emission,  image  intensifier  tube 

1.  INTRODUCTION 

The  phenomenon  was  first  observed  by  the  Navy.  Naval  aviators  noted  that  under  certain  circumstances  when  wearing 
NVGs,  their  cockpits,  known  to  be  adequately  NVIS  compatible,  seemed  to  cause  visual  performance  losses  due  to 
NVIS  compatible  displays  outside  their  field  of  view.  The  Navy’s  examination  of  the  problem  ended  after  it  concluded 
that  lens  hoods,  fitted  to  the  NVG  objective  lenses,  eliminated  die  visual  performance  losses.  The  source  of  the  veiling 
glare  was  the  subject  of  considerable  speculation.  Some  in  the  NVG  community  suspected  that  the  objective  lens,  or 
some  part  of  it,  such  as  a  coating,  was  the  heart  of  the  phenomenon.  Other  NVG  experts  in  the  Air  Force  hypothesized 
that  the  image  intensifier  tube’s  (FT)  photocathode  was  the  problem.  The  idea  was  that  the  photocathode,  comprised  of 
Gallium  Arsenide  (GaAs),  a  known  near  infrared  emitter,  might  be  stimulated  to  emit  infrared  light  by  incident  visible 
light.  It  was  thought  that  when  light  of  certain  wavelengths  and  incident  at  certain  angles  struck  the  photocathode,  it 
would  cause  an  infrared  emission.  If  this  emission  was  large  enough  and  at  a  wavelength  the  NVGs  are  sensitive  to,  it 
might  explain  the  problem.  The  Air  Force  Research  Laboratory,  Battlespace  Visualization  Branch  (AFRL/HECV)  at 
Wright  Patterson  AFB  conducted  the  study  described  in  this  paper  to  test  this  hypothesis. 

Researchers  desired  to  study  the  magnitude  of  the  phenomenon  with  respect  to  a  number  variables;  illumination 
intensity  and  wavelength,  illumination  angle,  and  measurement  angle.  Illumination  intensity  was  studied  to  test  the 
linearity  of  the  emission’s  magnitude.  Illumination  wavelength  was  of  particular  interest.  Since  photon  energy  is 
directly  related  to  photon  frequency  (and  Inversely  proportional  to  wavelength),  one  would  anticipate  the  phenomenon  is 
wavelength  dependent.  Since  the  IR  emission  only  seemed  to  be  noticeable  when  the  light  source  was  outside  the  NVG 
field  of  view,  angle  of  illumination  (measurements  made  normal  to  the  photocathode  surface)  was  also  seen  as  a 
potentially  significant  variable.  Measurement  angle  (illumination  normal  to  the  photocathode  surface)  was  also 
examined  to  test  the  Labertian  nature  of  the  emission.  The  spectral  location  of  the  phenomenon  was  not  expected  to 
change.  The  bandgap  structure  of  GaAs  suggested  that  the  IR  emission  should  occur  at  the  same  combination  of 
wavelengths  regardless  of  the  magnitude  or  wavelength,  photon  energy)  of  the  incident  illumination’. 

2.  EXPERIMENT 

The  focus  of  this  effort  was  to  measure  the  stimulated  IR  emission  directly  from  the  photocathode.  The  experiment  was 
to  illuminate  the  image  intensifier  tube’s  photocathode  with  narrow-band,  short-wavelength  light,  stimulating  the 
phenomenon,  and  then  measure  the  spectral  radiance  of  the  photocathode.  Measurements  of  photocathode  spectral 
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radiance  would  be  made  for  a  number  of  experimental  configurations  (physical  setup)  and  illumination  conditions.  The 
measurements  would  be  repeated  for  a  particular  measurement  geometry  and  illumination  with  the  image  intensifier  tube 
power  on,  to  assess  the  impact  of  the  electrical  state  of  the  tube  on  photocathode  radiance. 

To  achieve  the  experimental  goal,  a  highly  sensitive  light  measurement  system  was  required.  Measurements  of  the  both 
the  incident  light  and  the  photocathode  return  were  made  using  a  high-sensitivity  spectroradiometer  capable  of 
measuring  the  NVIS  compatibility  of  sources.  Using  the  spectroradiometer,  the  radiance  of  the  photocathode  face  of  an 
I^T  was  measured  in  Inm  wavelength  intervals  from  380nm  to  930nm  for  each  of  the  experimental  conditions.  The 
measurement  bandwidth  of  the  radiometer  was  set  to  8.57  nm. 

To  stimulate  the  IR  emission,  a  high-intensity  spectrally  narrow,  wavelength-selectable  light  source  was  required.  The 
light  source  consisted  of  a  300W  tungsten  halogen  lamp  passed  through  a  light  diffuser  and  a  monochromator.  The 
wavelength  of  light  was  selected  with  the  monochromator  at  a  set  bandwidth  of  5nm.  A  pair  of  focusing  lenses  were 
used  to  improve  overall  light  throughput.  Figure  1,  below,  shows  a  simple  block  drawing  of  the  equipment.  Figure  2 
shows  two  pictures  of  the  experiment  apparatus.  Here,  0  is  the  angle  between  the  incident  light  and  the  measurement 
lens  and  d  is  the  distance  between  the  measurement  lens  and  the  photocathode  face.  The  geometry  of  the  apparatus  was 
chosen  such  that  the  major  reflections  from  the  incident  light  off  the  photocathode  face  were  minimized.  At  no  time  was 
the  measurement  lens  in  the  direct  line  of  the  reflections. 
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Figure  1.  Drawing  of  experiment  apparatus. 
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Figure  2.  Two  pictures  of  experiment  apparatus.  The  slide  projector  powered  the  light  source  and  the  monochromator  set  the 
wavelength.  The  lenses  focused  the  light  onto  the  photocathode  faee  of  the  image  intensifier  tube.  Measurements  were  taken  with  the 
spectroradiometer  and  measuring  lens. 


A  spectral  scan  of  each  photocathode’s  radiance  was  taken  for  several  incident  light  conditions.  The  conditions  were 
varying  incident  light  wavelengths,  light  intensity,  incident  light  angles  (with  measurement  head  perpendicular  to  I^T) 
and  measurement  head  angles  (with  incident  light  perpendicular  to  l^T).  Table  1,  below,  lists  the  variables  used.  The 
BaS04  reflectance  standard  was  used  to  measure  how  much  light  was  incident  on  the  l^T  (BaS04  radiance).  For  each 
condition,  the  incident  radiance  was  measured  from  the  BaS04  as  the  target.  The  light  wavelengths  were  selected  to 
cover  a  broad  range  of  visible  light.  The  incident  light  angles  are  the  angles  that  the  light  hit  the  photocathode.  This 
range  was  selected  to  determine  if  the  IR  radiance  was  influenced  more  strongly  by  light  incident  at  angles  greater  than 
those  corresponding  to  the  edge  of  the  40-degree  field  of  view  common  in  night  vision  devices  (since  the  Navy’s  lens 
hood  reduced  the  visual  performance  loss).  The  ‘brighter  light’  refers  to  a  set  of  measurements  taken  with  the  light 
diffuser  removed  from  the  front  of  the  light  source.  This  increased  the  amount  of  incident  light,  but  also  caused  the  light 
to  be  brighter  in  some  spots  on  the  photocathode  face  than  others.  In  order  to  further  examine  the  IR  radiance,  a  set  of 
measurements  were  also  taken  with  the  incident  light  perpendicular  to  the  face  of  the  photocathode  and  the  measurement 
lens  measuring  the  radiance  emitted  at  different  angles.  Finally,  one  measurement  was  conducted  with  an  I^T  powered 
on  (the  phosphor  screen  side  of  the  I^T  was  taped  off  so  that  the  green  phosphor  light  didn’t  influence  the  measurement 
of  the  photocathode  face).  This  was  done  to  determine  if  the  powered  microchannel  plate  contributed  to  the  stimulated 
IR  radiance. 


Targets 

Incident  Light 
Wavelengths 

Incident  light  angles 

Measurement 
head  angles 

BaS04  reflectance  standard 

450nm 

15  degrees 

10 

I^T1 

475nm 

30  degrees 

30 

I^T2 

500nm 

45  degrees 

(incident  light 
perp.  to  I^T) 

I^T3 

525nm 

60  degrees 

I^T  2  powered  on 

550nm 

30  degrees  with  brighter  light 

575nm 

eOOnm 

(measurement  lens 
perpendicular  to  PT) 

625nm 

650nm 

675nm 

700nm 

Table  1.  Experiment  variables. 
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Three  image  intensifier  tubes  were  used,  labeled  tubes  1, 2,  and  3.  These  three  tubes  were  of  varying  age.  Tube  1  was 
the  oldest,  assembled  sometime  in  the  mid  1980’s.  Tube  2  was  the  newest  tube  out  of  the  three,  assembled  sometime  in 
the  mid  1990’s.  Unfortunately,  more  accurate  data  was  not  available  on  the  age  of  the  tubes  used  in  this  effort. 

3.  RESULTS 

When  visible  light  of  certain  wavelengths  and  intensities  were  incident  on  the  photocathode  end  of  an  f  tube,  a 
stimulated  IR  emission  was  detected.  An  obvious  peak  could  be  seen  in  the  range  of  800-900  nm.  Figure  3  below  is  an 
illustration  of  this  event.  The  dashed  line  is  the  incident  light  (measured  from  the  BaS04  reflectance  standard).  The 
solid  line  is  the  light  measured  from  the  photocathode  end  of  an  tube.  If  the  light  measured  from  the  bare  image  tube 
photocathode  was  strictly  due  to  reflection,  one  would  expect  its  magnitude  to  be  less  than  the  magnitude  of  the  incident 
light,  measured  from  the  BaS04  target  for  all  wavelengths.  However,  as  seen  in  Figure  3,  the  return  from  the 
photocathode  is  greater  than  the  illumination  for  wavelengths  longer  than  SOOnm,  indicating  the  presence  of  a  stimulated 
IR  emission. 
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Figure  3.  Example  of  stimulated  IR  emission. 


The  emission  was  present  for  all  of  the  variables  tested.  The  IR  peak  was  evident  in  every  angle  tested  including 
different  incident  angles  of  the  visible  light  and  different  measurement  angles.  It  occurred  for  different  incident  light 
intensities  and  wavelengths,  and  for  all  of  the  1^  tubes  tested.  The  amount  of  IR  emission  was  proportional  to  the  amount 
of  incident  light  and  varies  from  tube  to  tube.  The  magnitude  of  the  IR  emission  peak  radiance  changed  somewhat  for 
some  variables,  but  the  location  was  always  the  same:  between  800  and  900  nm. 

Data  obtained  from  the  experiment  were  analyzed  using  spreadsheet  and  spectroradiometer  software.  The  spectral  curve 
was  analyzed  and  integrals  under  the  significant  parts  of  each  curve  were  calculated  and  compared.  Integral  information 
was  calculated  in  terms  of  radiance  and  luminance  (for  the  visible  spectrum).  The  radiance  of  the  incident  light  main 
peak  (on  the  BaS04  reflectance  standard)  was  compared  to  the  radiance  from  800  to  900  nm  of  the  I^T  (see  Figure  4 
below  for  integral  data).  The  range  of  800-900  nm  was  chosen  because  the  IR  emission  peak  was  in  this  area.  Finally,  a 
plot  of  the  percentage  of  the  800-900  nm  radiance  was  compared  to  the  radiance  of  the  BaS04  reflectance  standard. 
Using  this  method,  Ae  percent  of  magnitude  of  the  IR  emission  peak  in  the  range  of  800-900  nm  was  weighted  by  the 
amount  of  incident  light  (450  nm,  475  nm,...,  700  nm).  These  percentages  will  be  used  in  the  following,  more  detailed 
examination  of  the  phenomenon. 
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The  radiance  values  for  a  sample  set  of  incident  light  data  is  given  below  in  Figure  5.  Here,  the  light  is  30  degrees  off 
axis  from  the  BaS04  reflectance  standard.  Shown  on  this  curve  are  the  normal  measurement  light  and  a  more  intense 
light  (bright)  created  by  removing  the  light  diffuser  from  the  front  of  the  light  source.  The  bright  light  is  about  seven 
times  the  normal  light.  Here  the  maximum  incident  light  occurs  at  575  nm  with  the  bright  light  source.  This  is  the 
brightest  condition  used  during  this  experiment.  The  luminance  at  this  setting  is  equal  to  4.922  fL,  which  is  about  a 
1000  times  the  luminance  of  a  full  moon^.  This  shows  that  even  using  a  light  source  that  is  so  bright  it  would  most  likely 
damage  the  I^T,  the  amount  of  IR  radiance  emitted  by  the  photocathode  is  negligible. 


Figure  5.  Incident  light  peak  radiance. 


Below,  Figures  6-10  show  the  percent  of  IR  radiance  compared  to  the  radiance  of  the  incident  light  for  different 
wavelengths.  Each  graph  represents  different  variable  conditions.  From  these  figures,  many  conclusions  are  drawn. 
One  can  conclude  that  the  percent  of  radiance  is  dependent  on  the  type  of  tube  used,  the  measurement  angle,  and  the 
angle  and  wavelength  of  the  incident  light.  It  is  not  so  much  dependent  on  the  radiance  of  the  incident  light.  For  all 
tubes,  the  IR  emission  is  less  prevalent  in  lower  wavelengths  of  incident  light.  The  biggest  overall  conclusion  is  that  for 
every  variable  tested,  the  IR  peak  radiance  does  not  exceed  0.41%  of  the  incident  light  radiance.  This  is  small  compared 
to  the  incident  light.  It  is  doubtful  that  this  is  big  enough  to  be  the  cause  of  the  NVG  visual  performance  loss  described 
in  the  introduction. 


Figure  6.  Comparing  image  intensifier  tubes.  Infrared  emission  expressed  as  a  percentage  of  input  illumination  expressed  as  a 
function  of  illumination  wavelength  for  three  different  image  intensifier  tubes. 

As  noted  above,  the  magnitude  of  the  IR  emission  varies  from  tube  to  tube.  In 


Figure  6,  all  variables  are  the  same  except  for  the  1^  tube.  The  authors  would  like  to  attribute  this  behavior  to  the  age  of 
the  image  intensifier  tube.  However,  we  were  unable  to  determine  tube  age  from  our  records.  The  mechanism  causing 
the  differences  in  IR  emission  between  the  three  tubes  is  most  likely  a  factor  of  tube  structure  or  photocathode 
construction.  However,  these  parameters  were  outside  the  scope  of  this  experiment. 


Figure  7.  Comparing  light  levels.  Infrared  emission  expressed  as  a  percentage  of  input  illumination  expressed  as  a  function'  of 
illumination  wavelength  for  tw'o  different  light  intensities  on  three  different  image  intensifier  tubes. 


The  phenomenon  was  found  to  be  fairly  linear  with  increased  photocathode  irradiation.  In 
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Figure  7,  the  strength  of  the  phenomenon,  as  a  percentage  of  the  incident  illumination,  was  plotted  for  all  three  tubes 
examined  and  for  the  two  illumination  levels  examined.  One  should  keep  in  mind  that  the  radiance  of  the  photocathode 
was  seven  times  greater  in  the  bright  light  condition  than  the  normal  condition.  In  this  figure,  relatively  minor  changes 
between  the  two  illumination  conditions  can  be  seen.  This  suggests  a  slight  nonlinearity  with  illumination.  Perfect 
linearity  would  have  yielded  plots  of  the  phenomenon,  as  a  percentage  of  the  photocathode  illumination,  which  lay 
exactly  on  top  of  each  other.  Or,  if  the  nonlinearity  was  due  to  the  stimulation  mechanism,  all  tubes  of  a  given 
irradiation  condition  would  lie  in  the  same  relative  location  relative  to  the  other  illumination  condition  in  Figure  7. 
However,  since  the  magnitude  of  the  IR  emission  was  so  small  to  begin  with,  this  nonlinearity  hiay  also  be  explained  by 
measurement  noise. 


Wavelength  (nm) 

Figure  8.  Comparing  light  angles.  Infrared  emission  expressed  as  a  percentage  of  input  illumination  expressed  as  a  function  of 
illumination  wavelength  for  four  different  light  illumination  angles  on  image  intensifier  tube  number  2  measured  perpendicular  to  the 
photocathode  surface. 


In  Figure  8,  the  phenomenon  is  plotted  as  a  function  of  wavelength  for  four  different  illumination  incidence  angles.  The 
data  suggest  that  magnitude  of  the  phenomenon  increases  as  the  photocathode  is  illuminated  a  greater  and  greater  angle, 
indicating  a  non-Lambertian  nature.  The  enhancement  in  magnitude  may  be  as  large  as  50%  when  comparing  the 
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measurements  at  the  15-degree  incidence  angle  to  those  at  60  degrees.  However,  one  should  note  that  the  overall 
magnitude  of  the  phenomenon  is  still  small,  regardless  of  incidence  angle. 


Figure  9.  Measuring  off-axis.  Infrared  emission  expressed  as  a  percentage  of  input  illumination  expressed  as  a  function  of 
illumination  wavelength  for  measurements  taken  at  10  degrees  and  30  degrees  off  axis  of  image  intensifier  tube  number  2.  Incident 
light  is  perpendicular  to  the  tube  face. 


In 

Figure  9,  the  incident  light  is  perpendicular  to  the  face  of  the  tube  and  the  measurement  lens  is  detecting  at  different 
angles.  In  this  case,  the  IR  emission  detected  is  much  less  for  large  measuring  angles.  This  suggests  that  the 
phenomenon  is  not  Lambertian  in  nature,  exhibiting  a  stronger  emission  along  the  axis  of  illumination.  This  behavior 
should  be  studied  more  thoroughly  in  the  future.  For  an  optical  imaging  system,  such  as  a  night  vision  goggle,  this 
suggests  that  the  stimulated  IR  emission  will  propagate  back  through  the  objective  lens  primarily  at  relatively  shallow 
angles  to  the  optical  axis,  minimizing  the  chance  that  the  IR  radiation  emitted  from  the  photocathode  would  scatter  off 
the  sides  of  the  lens  cells,  causing  veiling  glare. 


Figure  10.  Tube  on  versus  tube  off.  Infrared  emission  expressed  as  a  percentage  of  input  illumination  expressed  as  a 
function  of  illumination  wavelength  for  measurements  taken  with  image  intensifier  tube  number  2  on  and  off. 

The  impact  of  tube  power  on  the  IR  emission  was  also  examined.  In  Figure  10,  the  stimulated  IR  emission  expressed  as 
a  percentage  of  the  input  irradiance  is  plotted  as  a  function  of  irradiance  wavelength  for  a  single  image  intensifier  tube. 


-8- 


once  without  power  (“Off’)  and  once  with  power  (“On”).  These  measurements  showed  little  difference  between  the  two 
tube  states.  This  was  somewhat  of  a  surprise  to  the  authors.  The  field  created  in  the  photocathode  when  power  was 
applied  to  the  tube  was  anticipated  to  significantly  amplify  the  phenomenon.  While  measurements  showed  a  slight 
increase,  it  was  not  the  substantial  enhancement  anticipated.  It  is  unclear  to  the  authors  what  this  behavior  suggests. 

4.  DISCUSSION 

One  should  keep  in  mind  that  the  experiment  described  in  this  paper  measured  a  stimulated  IR  emission  from  the  image 
intensifier  tube  photocathode  of,  at  most,  only  about  0.4%  of  the  input  illumination.  The  question  of  whether  or  not  this 
stimulated  emission  could  cause  even  noticeable  visual  performance  losses,  much  the  horrific  visual  impact  claimed  by 
some  organizations  within  the  Air  Force  Research  Laboratory  must  be  addressed.  There  are  two  possible  scenarios  by 
which  this  stimulated  emission  could  cause  problems.  First,  the  light  emitted  from  the  photocathode  could  be  reflected 
back  to  the  photocathode  and  cause  a  veiling  luminance.  This  veiling  luminance  then  would  reduce  the  perceived 
contrast  of  a  target,  in  effect,  reducing  the  overall  system  level  modulation  transfer  function  (MTF)  of  the  device.  In  the 
second  scenario,  the  stimulated  IR  induces  a  contrast  loss  due  entirely  to  some  mechanism  internal  to  the  photocathode. 
This  discussion  will  concentrate  on  the  former  scenario.  The  latter  scenario,  while  improbable  is  still  possible,  would 
require  greater  investigation  and  was  considered  outside  the  scope  of  this  paper  by  the  authors.  Further  investigation 
into  the  second  scenario  is  reserved  for  future  work. 

In  the  first  scenario  described  above,  the  visible  light  component  of  an  image  formed  by  the  objective  lens  would 
stimulate  an  infrared  emission.  The  stimulated  IR  light  would  have  to  leave  the  photocathode,  be  reflected  back,  off  a 
siuface  in  the  NVG  objective  lens,  and  then  come  to  rest  on  the  photocathode,  reducing  the  contrast  of  the  original 
image.  As  measured,  the  radiance  of  the  IR  emission  is  only  about  0.4  percent  of  the  radiance  of  the  incident  light.  The 
Fresnel  reflection  of  the  photocathode  faceplate  the  IR  emission  would  encounter  as  it  leaves  the  image  intensifier  tube 
is  included  in  this  measurement.  When  the  emission  encounters  the  elements  of  the  objective  lens,  a  certain  percentage 
is  reflected.  Since  these  surfaces  are  antireflection  coated  for  the  wavelengths  included  in  the  IR  emission,  these 
reflections  are  expected  to  be  small.  For  this  analysis,  they  are  assumed  to  be  about  2%  per  sinface.  This  reflected  light 
will  then  again  pass  through  the  air/glass  interface  of  the  image  tube  faceplate,  assumed  to  be  approximately  95%  since 
it  is  not  antireflection  coated.  Combining  these  Fresnel  contributions  with  the  strength  of  the  stimulated  IR  emission, 
one  can  see  that  the  stimulated  IR  emission  will  contribute  slightly  less  than  0.008%  of  the  stimulating  radiance  to  the 
photocathode  per  optical  surface  in  the  NVG  objective  lens. 

The  magnitude  of  the  phenomenon  required  to  cause  significant  contrast  loss  was  examined  using  the  modulation 
contrast  equation^.  Equation  1,  where  B  represents  the  radiance  of  the  bright  side  of  a  contrast  edge  and  D  represents  the 
radiance  of  the  dark  side.  Assuming  that  the  veiling  light  returning  to  the  photocathode  is  uniform,  represented  by 
the  light  would  simply  add  to  both  sides  of  the  contrast  edge.  The  viel  can  be  incorporated  in  Equation  1  by  adding  it  to 
both  the  bright  and  dark  radiances.  The  modified  Equation  1  can  be  simplified  to  yield  Equation  2.  Plotting  as  a 
function  of  the  ratio  of  the  veiling  radiance  that  has  returned  to  the  photocathode  to  the  radiance  of  the  bright  side  of  the 
target  yields  Figure  11.  From  this  figure,  one  can  see  that  in  order  to  reduce  the  observed  contrast  by  about  half,  the 
veiling  radiance  must  be  50%  to  60%  of  the  radiance  of  the  bright  side  of  the  target.  If  this  data  is  weighted  by  the 
Fresnel  components  needed  to  describe  the  return  of  the  stimulated  IR  to  the  photocathode,  one  can  see  that  the  radiance 
of  the  stimulated  emission  would  have  to  be  many  times  the  radiance  of  the  incident  image  to  induce  the  kind  of 
reduction  in  observed  contrast  attributed  to  the  phenomenon. 
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Figure  11.  Observed  contrast  for  three  different  contrast  edges  (100%,  80%,  and  60%)  plotted  as  a  function  of  the  ratio  of  the 
stimulated  veiling  and  bright  edge  radiances. 


5.  CONCLUSION 

In  conclusion,  a  bizarre  IR  emission  is  present  and  can  be  measured  from  the  photocathode  of  an  tube  hit  by  incident 
light.  When  incident  light  that  is  almost  1000  times  the  full  moon  equivalent  is  used,  an  IR  radiance  of  only  8.9E-9 
W/cm^sr  is  emitted  which  is  0.41  %  of  the  incident  light.  Due  to  the  small  magnitude  of  the  phenomenon,  it  is  not 
considered  significant  enough  to  be  the  source  of  the  visual  performance  loss  reportedly  seen  in  night-vision  goggles. 

Not  surprisingly,  our  work  shows  that  the  phenomenon  is  wavelength  dependent.  It  is  relatively  linear  with  the 
photocathode  radiance  due  to  input  illumination.  The  lack  of  linearity  is  believed  to  be  due  more  to  measurement  error 
than  nonlinearity  of  the  phenomenon.  The  application  of  power  to  the  tube  did  not  greatly  change  the  magnitude  of  the 
stimulated  emission.  The  emission  was  surprisingly  directional,  emitting  primarily  normal  to  the  photocathode,  and  not 
Labertian  in  nature  as  anticipated.  This  behavior  reduces  the  probability  that  the  stimulated  emission  is  interfering  with 
visual  performance.  In  addition,  the  strength  of  the  phenomenon  was  somewhat  related  to  the  illumination  angle.  The 
reason  for  this  behavior  could  not  be  determined  from  this  effort  and  should  probably  be  studied  in  greater  detail  in 
future  work. 
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